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Amy C. Diener, RN, BSN,a and G. Michael Deeb, MD,a Ann Arbor, Mich
Background: Previous studies have focused on early outcomes of open (descending thoracic aortic repair [DTAR]) and
endovascular (thoracic endovascular aneurysm repair [TEVAR]) repair of blunt aortic injury (blunt thoracic aortic injury
[BTAI]). Late results remain ill-defined and are the focus of this study.
Methods: One hundred nine patients (1992-2010) underwent repair for BTAI. Mean age was 39.0 years (73.4% male).
DTAR was performed in 90, with left heart bypass (85) or hypothermic arrest (5). TEVAR was used in 19 of 45 patients
treated since 2002. A strategy of selective delayed repair has been used since 1997, with 54 of 75 patients treated with
delayed repair in this interval. The primary outcome was vital status (100% follow-up; mean, 103.9 months).
Results:Mean Injury Severity Score was 39.5. Thirty-daymortality was 4.6% (n 5). Earlymorbidity included permanent
spinal cord ischemia (SCI, 1.8%), stroke (2.8%), and need for permanent dialysis (1.8%). Independent predictors of a
composite outcome of early mortality and these morbidities included age >60 years (odds ratio [OR], 8.4; P  .015),
increasing preoperative creatinine (OR, 7.9; P  .017), and occurrence of postoperative sepsis (OR, 9.6; P  .021).
Fifteen-year Kaplan-Meier survival was 81.3%. Independent predictors of late mortality included age >60 years (Cox
hazard ratio [HR], 4.1; P  .01), increasing creatinine (HR, 9.1; P < .001), or occurrence of postoperative SCI (HR,
20.6; P < .001), but not repair type (P  .73). Endograft collapse occurred in one patient, necessitating reintervention.
Freedom from aortic reintervention at 4 years was higher after open repair (DTAR 100% vs TEVAR 94%; P  .03).
Conclusions: With careful selection, open or endovascular repair of BTAI has excellent early and late results. Although
TEVAR has an increased risk for reintervention, factors other than treatment strategy impact late survival. These data
support the growing role of an endoluminal approach for BTAI in anatomically appropriate patients. ( J Vasc Surg 2011;
53:615-21.)
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eThe classic work by Parmley et al in 1958 demonstrated
that untreated blunt thoracic aortic injury (BTAI) is asso-
ciated with a high rate of mortality, particularly on arrival
and within the first 24 hours after injury.1 Important recent
advances in the management of BTAI include both diag-
nostic changes with rapid definitive diagnosis of the aortic
injury with widespread use of computed tomography scan-
ning and prompt institution of anti-impulse therapy to
reduce cardiac contractile forces.2-4 Early, computed to-
mography (CT) scanning allows for the assessment of other
life-threatening injuries, triage of trauma care, and focused
resuscitation. Pharmacologic control of blood pressure and
heart rate dramatically reduces the risk of rupture in the
admitted patient to 2%.3
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doi:10.1016/j.jvs.2010.09.058Operative repair of BTAI itself has also undergone two
ramatic paradigm shifts. The first is the selective use of
elayed repair of the aorta to stabilize the patient and allow
reatment of injuries deemed more imminently life-
hreatening.5-7 The advent of an endovascular approach
thoracic endovascular aneurysm repair [TEVAR]) to
reat the injury has emerged as an attractive less-invasive
pproach, which may reduce early mortality.8-10 Although
he early results of repair of BTAI have been well charac-
erized, few reports have focused on late outcomes, thus
rompting the current review of our experience over 18
ears.
ETHODS
This study was approved by the Institutional Review
oard of the University of Michigan Hospitals (IRB #
003-0128, informed consent requirements waived).
All trauma patients (n  140) who presented to the
niversity of Michigan Hospitals between January 1992
nd February 2010 with blunt injury of the descending
horacic aorta were identified. Eight patients were excluded
rom analysis secondary to death in the Emergency Room
rom the following causes: closed head injury (four), rup-
ured descending thoracic aorta (two), or abdominal injury
two). Another 23 patients were excluded from analysis
ither because their injury was minimal (intimal tear) not
arranting an operation (nine), or because they were not
onsidered to be appropriate candidates for operation due
ither to prohibitive comorbidities (three) or to the extent
f associated injuries (11, including extensive neurological
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March 2011616 Patel et alinjury in nine). All but two patients presenting with mini-
mal aortic injury such as intimal flap demonstrated healing
of the injury with medical therapy by 6 months; the other
two were lost to imaging follow-up after discharge. Of the
patients who had prohibitive comorbidities, two would
presently be considered for endovascular repair, while the
third had metastatic lung cancer, thus precluding repair.
The remaining patients (n 109) underwent operative
therapy for BTAI and formed the study cohort. Data from
this group were prospectively collected and retrospectively
analyzed. All patients were evaluated initially for open
descending thoracic aortic repair (DTAR) by a thoracic
surgeon, and those undergoing TEVAR selected with a
multidisciplinary approach with participation of thoracic
surgeons and interventional radiologists. Of the 45 patients
treated since 2002, 19 (42.2%) have undergone TEVAR as
previously described.11 The indications for TEVAR
evolved throughout the study period but included patients
with anatomical features considered high risk for free rup-
ture (ie, complete disruption or lateral pseudoaneurysm)
who were unable to undergo open repair after being
deemed high risk for DTAR by the thoracic surgeon. An
evolving indication for TEVAR, particularly since 2006,
included its use as a first-line therapy in older patients (ie,
over 60 years of age) given the known increase in comor-
bidities in this age group. Anatomic features considered
exclusion criteria for TEVAR evolved throughout this long
study period but included: 1) aortic diameters outside of
the size range suitable for endovascular repair incorporat-
ing 10% oversize of the endograft; 2) “gothic” arch config-
uration predisposing to a “bird-beaking” phenomenon; 3)
significant discrepancy between proximal and distal landing
zone diameter (ie,4 mm) particularly prior to the advent
of tapered devices; and 4) short landing zone (ie, 2 cm)
distal to the left carotid artery.
Since 1997, a strategy of selective delayed repair was
utilized in those patients with significant associated injuries.
Indications for delayed repair predominantly included: 1)
the presence of significant associated chest injuries preclud-
ing thoracotomy and single-lung ventilation; 2) significant
traumatic brain injury that precluded the early use of hep-
arin; 3) other contraindications to anticoagulation; and 4)
active infection. For all patients, a protocol relying on beta
blockade to reduce the dynamic wall tension of the aorta
until repair could be accomplished was used. In this time
interval, 54 of 75 (72%) patients treated were managed
with delayed aortic repair.
All open thoracic aortic repairs (n  90) were per-
formed with extracorporeal perfusion support (mean per-
fusion time, 80.3  31.8 minutes). Left heart bypass or
partial cardiopulmonary bypass was utilized in 85 patients.
The remaining five patients had adjunctive use of deep
hypothermic circulatory arrest (HCA, mean duration of
33.8 minutes) as previously described.12 HCA was used
only if the proximity of the injury to the left carotid artery
precluded use of the aortic cross-clamp for proximal vascu-
lar control. tPerioperative management for prevention of spinal
ord ischemia (SCI) for both open and endovascular repairs
as conducted according to standardized protocols as pre-
iously described.11,12 Briefly, this includes the preserva-
ion of intercostal vessels intraoperatively when able, avoid-
nce of the clamp-and-sew technique, and the use of
ermissive hypertension postoperatively to increase collat-
ral blood flow for the spinal cord. For the endovascular
roup, we have maintained an aggressive stance for
reoperative left subclavian artery revascularization
hen this vessel requires coverage to extend the proxi-
al landing zone. Prior to 2005, revascularization was
erformed selectively in those with dominant left verte-
ral arteries, patent left internal thoracic artery to left
nterior descending artery bypass grafts, or in the setting
f left vertebral artery origin directly off the aortic arch.
ecognizing the increased evidence supporting subcla-
ian artery revascularization with regard to neurologic
utcome, we have routinely revascularized all patients since
005 if hemodynamically stable. Lumbar drains were not
outinely used for these procedures given the anatomic
ocation and relatively short segments of repair. At the
iscretion of the operating surgeon, only four patients (all
ndergoing DTAR) had placement of spinal drains because
f a perceived increased risk for postoperative SCI.
The primary outcome of this study was late mortality.
ther secondary outcomes of interest included early mor-
ality and morbidity (stroke, SCI, dialysis) and need for late
eintervention on the treated aortic segment. Data were
ollected from clinic visit notes, hospital charts, and imag-
ng studies, and mortality was verified by interrogation of
he National Death Index. Follow-up for the primary out-
ome was 100% complete as of April 2010. The mean
ollow-up for the entire cohort was 103.9  69.7 months
mean follow-up DTAR  118.2 months vs TEVAR 
6.4 months).
Statistical analysis. Data were analyzed using SPSS
SPSS, Inc, Chicago, Ill). Dichotomous variables were
valuated using Chi-square analysis; continuous variables
sing one-way analysis of variance. Multivariate models
binary logistic regression or Cox proportional hazards
nalysis) were constructed using a forward conditional pro-
ess to identify factors that were independently associated
ith each of the outcomes of interest. Factors utilized in
ultivariate analysis were those covariates with P  .1
ignificance on univariate analysis. Survival was analyzed by
aplan-Meier methods. All results with P  .05 were
onsidered statistically significant.
ESULTS
The mean age of the entire cohort was 39.0  18.2
ears (73.4% male). Demographics and comorbidities for
he entire cohort are listed in the Table. For those patients
ndergoing TEVAR, technical success was achieved in all.
evices utilized included TAG (WL Gore, Flagstaff, Ariz;
 13), Talent (Medtronic, Minneapolis, Minn; n  3),
neuRx (Medtronic; n  1), and TX2 (Cook, Blooming-
on, Ind; n  2). Device delivery was via a transfemoral
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Volume 53, Number 3 Patel et al 617approach in 18 and retroperitoneal iliac artery approach in
one. Ten patients had coverage of the left subclavian artery,
including eight who underwent preoperative or concomi-
tant left carotid-to-left subclavian arterial bypass. Of the
two who were not revascularized, one underwent TEVAR
prior to 2005 when we employed a selective approach for
bypass, and the other underwent TEVAR emergently with
marginal hemodynamics thus precluding the construction
of the bypass.
Early results. Early mortality (defined as either in-
hospital or within 30 days of the operative procedure)
occurred in five patients, all of whom underwent open
repair. Causes of death included multiorgan failure (two),
intra-abdominal hemorrhage (one), and diffuse axonal
brain injury (two). By multivariate analysis, only preopera-
tive creatinine was independently associated with early
mortality (odds ratio [OR], 125.6; P  .012).
Three patients sustained perioperative stroke (DTAR
n  1, TEVAR n  2). One had new-onset right hemipa-
resis following open repair. Angiography revealed a dissec-
tion extending from his carotid artery bifurcation distally,
without obstruction. Another had a delayed repair of his
BTAI at 1 month with an endovascular approach including
a left carotid-to-left subclavian artery bypass for a dominant
left vertebral artery under the same anesthetic. This patient
sustained a bifrontal lobe cerebrovascular accident in the
Table. Demographics, comorbidities, and early outcomes
Entire cohort (n 
Demographics
Age (years) 39.0  18.1
Male gender 80 (73.4%)
Comorbidities
Coronary artery disease 8 (7.3%)
Myocardial infarction 2 (1.8%)
Chronic obstructive pulmonary disease 2 (1.8%)
History of tobacco abuse 26 (23.8%)
Diabetes 7 (6.4%)
Hypertension 23 (21.1%)
Preoperative creatinine (mg/dL) 1.0  0.3
Stroke 3 (2.8%)
Peripheral vascular occlusive disease 1 (0.9%)
Extent of injury
Injury severity score 39.5  13.8
Head AIS 2.3  1.7
Face AIS 0.5  0.9
Thorax AIS 4.5  0.9
Abdomen AIS 1.8  1.7
Pelvis extremity AIS 2.0  1.4
GCS 10.7  0.8
Number GCS  9 28 (25.7%)
Delayed repair 54 (49.5%)
Early outcomes
Mortality 5 (4.6%)
Stroke 3 (2.8%)
Spinal cord ischemia 2 (1.8%)
Renal failure 11 (10.1%)
Pneumonia 50 (45.9%)
Sepsis 10 (9.2%)
AIS, Abbreviated injury scale; GCS, Glasgow coma scale; TEVAR, thoracicsetting of multiple postoperative hypotensive episodes. The nnal patient underwent TEVAR for his BTAI within 16
ours of injury. His procedure was performed without the
se of heparin, and he had partial left subclavian artery
overage without incident. He then sustained a left middle
erebral artery stroke in the setting of new-onset atrial
utter on the fourth postoperative day. Other neurologic
omplications included early postoperative SCI in two pa-
ients. Both underwent open repair, and only one recov-
red to partial paresis. No instances of delayed paraplegia
ere identified. Finally, renal failure was identified in 11
atients, with only three requiring permanent dialysis post-
peratively.
In order to generate a sufficient event rate for multi-
ariable analysis, a composite outcome consisting of early
ortality, stroke, SCI, or dialysis-dependent renal failure
as generated. Logistic regression analysis identified age
60 years (OR, 8.4; P  .015), increasing preoperative
reatinine (OR, 7.9; P  .017), and occurrence of postop-
rative sepsis (OR, 9.6; P  .021) as independent predic-
ors of the composite event.
Late results. The overall crude mortality rate for the
ntire cohort was 14.7% (n 16). The mean Kaplan-Meier
urvival time of the entire cohort was 189.8 months and is
hown in Fig 1A. By Cox proportional hazards analysis, late
ortality was independently predicted by age 60 years
Cox hazard ratio [HR], 4.1; P  .01), increasing creati-
univariate analysis comparing treatment strategy
Open repair (n  90) TEVAR (n  19) P value
36.8  17.5 49.3  18.3 .006
64 (71.1%) 16 (84.2%) .39
3 (3.3%) 5 (26.3%) .004
0 (0%) 2 (10.5%) .03
0 (0%) 2 (10.5%) .03
21 (23.3%) 5 (26.3%) .77
6 (6.7%) 1 (5.3%) 1.0
16 (17.8%) 7 (36.8%) .12
0.9  0.4 1.1  0.2 .22
1 (1.1%) 2 (10.5%) .08
1 (1.1%) 0 (0%) 1.0
39.5  13.2 39.8  16.6 .9
2.2  1.7 2.5  1.8 .5
0.4  0.9 0.6  1.1 .6
4.6  0.7 4.2  1.6 .07
1.7  1.7 2.2  1.6 .3
1.9  1.4 2.3  1.3 .3
11.0  4.7 9.4  5.0 .18
22 (24.4%) 6 (31.6%) .57
37 (41.1%) 17 (89.5%) .0001
5 (5.5%) 0 (0%) .58
1 (1.1%) 2 (10.5%) .08
2 (2.2%) 0 (0%) 1.0
9 (10%) 2 (10.5%) 1.0
37 (41.1%) 13 (68.4%) .04
8 (8.8%) 2 (10.5%) .69
ascular aneurysm repair.with
109)ine (HR, 9.1; P  .001), or occurrence of postoperative
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March 2011618 Patel et alSCI (HR, 20.6; P .001). A Kaplan-Meier survival analysis
stratified by age 60 years is shown in Fig 1B. This dem-
onstrates the significant force of mortality in the first year
after trauma in those presenting with advanced age (P 
.01; Fig 1B).
Results stratified by type of aortic repair. Under-
standing the selection bias inherent in comparison of treat-
ment strategies in this nonrandomized trial, we sought to
identify the roles of TEVAR versus DTAR with regards to
late mortality or treatment failure. Important baseline dif-
ferences existed between the two groups and the compar-
Fig 1. Kaplan-Meier survival analysis evaluating late survival after
repair of blunt aortic injury. This actuarial analysis demonstrates
that following repair of blunt thoracic aortic injury (BTAI), the
15-year survival rate is 81.3%  5.5% (A). When stratified by age
60 years, the survival is markedly decreased in the elderly group
(B). Note that there is a significant force of mortality in the older
age group in the first year, following which the curves become
relatively parallel. The curves are truncated at a standard error of 8%
at 192 months in Fig 1A and at 96 months in Fig 1B where the
standard error is 8% for the 60-year age group, and 10% for the
60-year age group.ative analysis is listed in the Table. Essentially, the TEVAR (roup was older, had a higher frequency of selective de-
ayed management for BTAI, coronary artery disease, and
hronic obstructive pulmonary disease (COPD). Early out-
omes were generally similar between groups, with the
xception of a higher risk for pneumonia in the TEVAR
roup (Table). However, when stratified by age60 years,
o survival difference was identified (P  .75).
In examining the risk for aortic reintervention of the
reated or adjacent segments, the actuarial freedom from
eintervention in the entire cohort at 15 years was 99%,
emonstrating the durability of repair for this pathology
ig 2. Actuarial analysis describing the need for reintervention in
he treated aortic segment. This analysis suggests that the need for
ortic reintervention in the treated aortic segment at 15 years is
9.1% (A). The standard error for this curve is 1% at 144 months.
hen stratified by repair type, the risk for reintervention is signif-
cantly higher in the thoracic endovascular aneurysm repair (TE-
AR) group, but still remains low up to 4 years (B). The timeline
f the curves is truncated in the comparative analysis graph (stan-
ard error at 4 years of 6%) to account for the reduced follow-up
btained in the TEVAR arm. DTAR, Descending thoracic aortic
epair.Fig 2A). When separated by treatment group, the risk for
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Volume 53, Number 3 Patel et al 619treatment failure was significantly higher in the TEVAR
group (Fig 2B). The only reintervention in this entire
cohort occurred following TEVAR. In this 18-year-old
patient, a composite graft repair was performed. This con-
sisted initially of a 23-mm-diameter Gore Excluder aortic
cuff placement at the distal landing zone (to act as a
“corset” in a tapered aortic segment) followed by place-
ment of a 26-mm-diameter by 10-cm-length TAG thoracic
endograft (with 20% oversizing) extending from just distal
to the left carotid artery to the distal cuff. Immediate
postdeployment imaging revealed no instability of the de-
vice and exclusion of the large anterior pseudoaneurysm.
However, routine imaging on the 3rd postoperative day
revealed longitudinal invagination of the entire TAG graft
resulting in partial asymptomatic collapse and filling of the
pseudoaneurysm. This patient was treated successfully with
a self-expanding Z-stent at the proximal leading edge of the
TAG graft and remains free of further complications at 5
years. In retrospect, this postoperative complication likely
occurred because of endovascular repair in a “gothic shape”
aortic arch, an anatomical feature now known to be unfa-
vorable for successful TEVAR.
DISCUSSION
Based on classic autopsy studies documenting rates of
death from aortic rupture due to untreated blunt thoracic
aortic injury, the traditional treatment was early diagnosis
and open operative aortic repair.1 Contrast aortography
was the gold standard test for diagnosis but has now been
replaced by widespread use of CT angiograms.2 Open
aortic repair, long considered the only method of treat-
ment, is associated with complications including prolonged
ventilator support and neurologic morbidity (stroke and
paraplegia).2,4-7 Recognizing the potential increased risk of
early repair in the multiply-injured patient, a strategy of
selective delayed repair has evolved into widespread use at
major trauma centers. Recent studies by both single insti-
tutions as well as multicenter cooperative groups have
evaluated the positive impact of these changes.5-7 Delayed
repair was associated with a significant risk-adjusted survival
benefit as shown in the Second American Association for
the Surgery of Trauma (AAST) trial, regardless of the
presence or absence of major associated injuries.7
In the last decade, thoracic endovascular repair has
revolutionized the therapy of descending aortic patho-
logy.11 This therapeutic approach has been successfully
applied for the treatment of BTAI.8-10 The prospective
second AAST trial evaluated the impact of TEVAR for
BTAI across major trauma centers in the US. The use of
TEVAR increased dramatically from 0% to 65% between
the first AAST study in 1997 and the second in 2007.10 A
comparative analysis in the second AAST study identified a
16% mortality rate after DTAR versus 9% after TEVAR (P
 .001). Despite a high frequency of the clamp-and-sew
technique (16%) in the DTAR patients, the incidence of
procedure-related SCI was only 2.9% after DTAR and 0.8%
in the TEVAR group (P  .28). Interestingly, the only
reported paraplegia in the TEVAR group resulted follow- eng endograft collapse and resulting thoracic aortic throm-
osis. More importantly, the early results of the second
AST trial demonstrated an alarmingly high risk (20%) of
evice-related complications, and included 18 patients
14%) with endoleak treated with repeat TEVAR (9) or
ndograft explantation and DTAR (6).
TEVAR in the setting of BTAI has important limita-
ions. Sizing the aorta for stent graft selection in the setting
f hypovolemia, hemodynamic collapse, or early resuscita-
ion may result in significant inaccuracy (10%), leading to
n increased risk of endograft collapse or migration.13
lthough the pathology in BTAI requiring treatment is
ocalized, the native aorta is known to increase in size with
dvancing age. A recent report suggested an increase of up
o 1 cm between 20 and 80 years of age.14 Given the
requency of younger patients with BTAI, this natural growth
ay increase the potential risk for device migration and late
ndoleak. Moreover, the need for continued imaging surveil-
ance after TEVAR is problematic in younger patients with
egards to radiation exposure, and they are often lost to
ollow-up.15 Indeed, in our study, the imaging follow-up
veraged 50 months, in contrast to that obtained for the
rimary study end point of late mortality at 104 months.
The rapid expansion in the use of TEVAR mandates
valuation of late outcomes with repair of BTAI. Our study
uggests that late survival is impacted by advanced age,
mpaired renal function, and the occurrence of postopera-
ive SCI. Durability of repair of BTAI in this series was
xcellent and primarily determined by the open-repair sub-
et. TEVAR was not identified as a prognostic factor in late
urvival, but its use was associated with an increased risk for
eintervention. The reintervention risk in TEVAR identi-
ed in this study as well as the second AAST trial highlights
he importance of anatomic suitability as a key feature in the
election process. This is particularly pertinent to the
ounger trauma patient and emphasizes the need for opti-
ization of device design for this patient group.9 While
here is obviously a selection bias for type of repair chosen
n this study, the selection strategy used in this series
esulted in excellent early and late outcomes. However,
hese late results identify important subgroups (ie, older
ge, impaired renal function, higher risk for SCI) in whom
EVAR should play a dominant role.
At the University of Michigan, we believe the gold
tandard therapy for BTAI remains a selective delayed
pproach to open repair. Our management strategy contin-
es to be tailored to the specific patient, with liberal use of
EVAR in older patients where comorbidities may be
nadequately evaluated or prohibitive in the multisystem
rauma setting, and where thoracotomy with extracorpo-
eal circulatory support may be less well tolerated. In addi-
ion, we will often utilize a delayed management strategy
or TEVAR, given the uncertainties with aortic endograft
izing in the setting of hypovolemia and the potential role
f early repair in increasing risk for SCI.6,13
There are limitations to this study. First, this is a retro-
pective study with no randomization and a selection bias
vident with regards to management strategy. The TEVAR
11
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up. Second, the long time period of this study likely im-
pacted both early and late outcomes in ways that are unable
to be quantified due to both medical and surgical advances
over the 18-year time frame. Finally, although this is a
relatively large institutional experience, the overall patient
numbers and event rates are small, thus increasing the risk
for type II statistical error.
In conclusion, operative repair of BTAI is associated
with excellent early and late results. The novel finding in
this study is that a selective approach with TEVAR for
BTAI eliminates type of aortic repair as a determinant of
poor early outcome. While open repair can be performed
with low rates of mortality and morbidity, a selective appli-
cation of TEVAR for BTAI may also result in similar late
outcomes, thus supporting its emerging role. However,
the risk for reintervention after TEVAR, especially in the
younger patient cohort demonstrated in this study and the
AAST trial, underscores the importance of careful patient
selection based on anatomic features conducive to TEVAR,
and provides strong motivation to develop devices tailored
to aortas with smaller diameter and tighter arches. As
endograft technology improves to mitigate the challenging
endovascular environment of the young trauma patient, we
anticipate broader application of thoracic aortic endovascu-
lar repair in the management of blunt thoracic aortic injury.
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Dr Thomas Forbes (London, Ontario, Canada). As far as
your late reinterventions comparing open and endovascular repair,
do you subject both groups to the same radiographic surveillance?
Dr Patel. Our protocol for imaging following TEVAR in-
cludes surveillance with a CT scan within the first month, at 6
months, and then annually thereafter.
We do attempt to follow our open-repair group patients,
although the frequency of imaging is less. It includes surveillance
CT scans at 3 months and 1 year, then every 5 years. We do,
however, understand the issues with follow up in these younger
patients.atients were fully compliant with their imaging protocol, primar-
ly due to a lack of funding. How do you obtain follow-up in
ninsured patients?
Dr Patel. That is obviously a significant limitation for patients
ho present with multisystem trauma, and we acknowledge that
ssue. In our analysis, we do note that there is a difference between
he imaging follow-up in our study and the follow-up obtained for
he primary endpoint of late mortality.
Dr Julie Ann Freischlag (Baltimore, Md). Can you give us
our length of time of follow-up for the TEVAR group separately?
Dr Patel. I don’t have that number offhand, but it is clearly
ess than the open-repair group. That is why, when we analyzed the
isk for reintervention, we truncated the analysis at 4 years.
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Volume 53, Number 3 Patel et al 621DrAmyReed (Hershey, Pa). One of the questions we all have,
those of us who treat these young individuals with endovascular
repair, is, of course, long term, what’s happening with the stents?
As we treat some of these 20- and 30-year-olds, it’s the long-term
radiation that is a concern, and what is going to happen with the
stent. Were you able to evaluate any of the subsets of your TEVAR
group? How about any longer-term follow-up for some of the
individuals who might be 20 or 30 years old? Do you have any that
are out now, 5, 6, 7 years? How are they doing?
Dr Patel. The initial group of patients who were treated with
an endovascular approach were actually patients that were
younger, in their 20s and 30s. The repair in that group has
remained durable.
However, it is for those reasons that you mentioned that we
have been reluctant in embracing an endovascular approach in a
blanket way for every patient that presents to Michigan. We prefer
to employ a much more selective strategy and look at younger
patients for an open repair as a first option. In contrast, for those
patients who are older, or have significant comorbidities, they are
initially evaluated with a “first look with TEVAR” strategy.
Dr Marc Mitchell (Jackson, Miss). I’m interested in your
algorithm for how you select which patients you’re going to do
endo andwhich patients you’re going to do open.We have reached
the point where we do nearly 100% of these folks with endo.We are
very liberal in covering the left subclavian artery if we need to. Are
you covering the left subclavian, and does that play into your
selection process?
Dr Patel.Of the 19 patients who underwent an endovascular
approach, 10 had coverage of the left subclavian artery. Because we
have frequently used a strategy of selective delayed management
for patients with significant co-existing injuries, these patients are
more frequently operated on in an urgent rather than emergent
setting. We are liberal with subclavian artery revascularization and
will perform this if able in all who require coverage of the subcla-
vian artery. With this algorithm, 80% of patients who required
coverage of the left subclavian artery were revascularized either
prior to or simultaneous with the endovascular procedure.Dr Benjamin Starnes (Seattle, Wash). Your results are com-
mendable, and I agree with some of the former comments made
g
ibout follow-up. I think it’s magical that you had 100% long-term
ollow-up. We find it very difficult to follow these patients. They
re typically young and difficult to keep track of, and we only have
bout a 30% long-term follow-up at our own institution.
My question is with regard to imaging. With improvements in
maging, we’re seeing more and more of these “minimal aortic
njuries.” What were your specific criteria for managing these
atients in terms of small intimal defects, pseudoaneurysms, and
upture?
Dr Patel. There is absolutely nothing magical about getting
00% follow-up in patients with regards to the primary endpoint of
ital status. We use the Social Security Death Index that has been
alidated epidemiologically, and I would encourage you all to use
hat in your studies as well.
As far as extent of injury is concerned, this analysis excluded
atients who had a minimal injury such as an intimal defect or tear
ithout a surrounding periaortic hematoma to suggest that there
as extension into the adventitia.
Dr J. Gregory Modrall (Dallas, Tex). Our group has a paper
n press in the Journal in which we found that no patient who
resented later than 6 hours after injury had a subsequent in-
ospital death due to aortic rupture. I wonder if there was some
election bias that influenced those outcomes. What do you use as
our criteria for earlier repair versus late repair of traumatic aortic
isruptions?
Dr Patel. We agree with you that after 6 hours, the risk for
upture leading to death is quite low, and for that reason have
electively delayed repair since 1997.
Early open repair is selectively performed in those who can
olerate single-lung ventilation and can safely be positioned for
horacotomy and undergo heparinization.
We have been a little reluctant also in the TEVAR group to
ush right into an operation. This is primarily because of our
bservation that with volume resuscitation, the aortic diameter
ncreases in size dramatically, thus leading to inaccuracies with
ndograft sizing based on the initial CT scan. In the TEVAR
roup, we will often selectively delay repair to allow for repeat
maging 24 to 48 hours after resuscitation.
